| INTRODUCTION
Cardiovascular diseases lead mortality rates in developed countries. 1 Individuals with cardiovascular disease usually become symptomatic only in adulthood, but the underlying process of cardiovascular diseases, atherosclerosis, often has its onset in childhood and adolescence with an inflammatory process. 2 Evidence indicates that inflammatory biomarkers might be one mechanism through which unhealthy lifestyles are linked to metabolic and cardiovascular disease. 3 The low-grade inflammation process is controlled by a complex system involving several inflammatory biomarkers produced by different and diverse cell types in the immune system and adipocytes. Complement factors C3 and C4 are acute-phase proteins and important components of the complement pathways of the immune system with proinflammatory effects that associate with increased levels of cardiovascular risk factors. 4 Fibrinogen, a main coagulation protein (synthetized by the liver) and precursor of fibrin, is an essential component of the blood coagulation system and is known to play a vital role in a number of pathophysiological processes within the body including inflammation, atherogenesis, and thrombogenesis. 3, 5 C-reactive protein is an acute-phase protein also synthesized in the liver, and its altered levels induce endothelial dysfunction, accelerate | AGOSTINIS-SOBRINHO eT Al.
progression of atherosclerosis, and increase the risk of cardiovascular disease. 3, 5, 6 Adipokines, such as leptin, an hormone produced mainly by adipose tissue plays a crucial role on control of body weight in healthy subjects with regulation of food intake and homeostasis. 7 This adipokine directly regulates the production of several cytokines and displays both pro-and anti-inflammatory properties and both a deficiency of leptin and an excess of leptin results in the dysfunction of multiple organs. 8 However, high levels of leptin are associated with pro-inflammatory, impaired vascular function, insulin resistance, and obesity 6 and recently have been suggested to be included in the metabolic syndrome definition. 9 All these biomarkers are important in the regulation of biological function and have been associated with chronic lowgrade inflammation. 3 The inflammatory status is influenced by several factors. Physical fitness during childhood and adolescence is also an important determinant of current and future health status. 10, 11 Previous research has focused on the relationships between cardiorespiratory fitness (CRF) and health outcomes, namely on cardiometabolic risk factors. Presently, there is a growing interest on the health benefits of muscular fitness. 12 Studies on muscular fitness have demonstrated an inverse association with cardiovascular disease and cardiometabolic risk factors. [12] [13] [14] In addition, recently it has been shown that muscular strength is inversely and independently associated with all-cause mortality, even after adjusting for several potential confounders. 15, 16 In youth, the relationships between muscular fitness and inflammatory biomarkers have been less studied. 12 Some studies have shown an inverse association between muscular fitness and some inflammatory biomarkers. [17] [18] [19] [20] However, these associations were not always independent of other potential confounders such as pubertal status, socioeconomic status, and dietary intake. In addition, they did not take into account the combined association of muscular fitness and low-grade inflammation on the adolescents' overall metabolic risk profile. It is further known that skeletal muscle expresses and releases several myokines into the circulation in response to muscle contractions, acting as an endocrine organ. 21 Low-grade inflammation leads to several metabolic disorders, given that skeletal muscle is the largest organ in the human body, it seems important to try understand the interplay between muscular fitness, low-grade inflammation, and metabolic risk. Therefore, the present study aimed (a) to evaluate the associations between, muscular fitness and inflammatory biomarkers adjusted for potential confounders such as age, sex, pubertal status, socioeconomic status, dietary patterns, CRF, body fat, and a clustered metabolic risk factor (MRF) score in adolescents; and (b) to investigate the combined effect of muscular fitness and inflammation on a MRF score. We hypothesized that muscular fit adolescents will present an improved metabolic and inflammatory profile across potential confounders.
| METHODS

| Study design and sample
The current report is part of the "Longitudinal Analysis of Biomarkers and Environmental Determinants of Physical activity (LabMed Physical Activity Study)," a school-based prospective cohort study carried out in four Portuguese cities from the North Region. Detailed description of sampling and recruitment approaches, data collection, and analysis strategies have been described elsewhere. 22 In short, baseline 
| Measures
| Anthropometrics
Body height was measured to the nearest 0.1 cm in bare or stocking feet with the adolescent standing upright against a portable stadiometer (Seca 213, Hamburg, Germany). Body weight was measured to the nearest 0.10 kg with the participant lightly dressed using a portable electronic weight scale (Tanita Inner Scan BC 532, Tokyo, Japan). 23 Body mass index (BMI) was calculated from the ratio of body weight (kg) to body height (m 2 ).
Waist circumference measurements were taken in a standing position, to the nearest 0.1 cm, with a tape measure midway between the lower rib margin and the anterior superior iliac spine at the end of normal expiration. 23 Body fat percentage (BF%) was measured by bioelectrical impedance with a frequency current of 50 kHz (Tanita Inner Scan BC 532). Participants were asked to fast overnight for at least 10 hours. After the assessors manually introduced the age, sex, and height into the scale system, the participants stood on the scale with light clothes and bared foot. 24 
| Blood pressure
Blood pressure was measured using a Dynamap vital signs monitors (model BP 8800; Critikon, Inc., Tampa, Florida, USA). Trained nurses took measurements, and all adolescents were required to sit and rest for at least 5 minutes prior to the first blood pressure measurement. Participants were in a seated, relaxed position with their feet resting flat on the ground. Two measurements in the non-dominant arm were taken, after 5 and 10 minutes of rest. The mean of these two measurements was considered. If the two measurements differed by 2 mm Hg or more, a third measure was taken. 
| Pubertal stage
Participants self-assessed their pubertal stage of secondary sex characteristics (breast and pubic hair development for girls, genital, and pubic hair development for boys; ranging from stage I to stage V), according to the criteria of Tanner and Whitehouse. 
| Socioeconomic status
The socioeconomic status was assessed with the Family Affluence Scale, 27 developed specifically to measure children and adolescents' socioeconomic status in the context of the Health Behaviour in School-Aged Children Study.
| Blood sampling
Blood samples were obtained from each subject early in the morning, following a 10-hour overnight fast by venipuncture from the antecubital vein. The samples were stored in sterile blood collection tubes in refrigerated conditions (4-8°C) for no longer than 4 hours during the morning of collection and then sent to an analytical laboratory for testing according to standardized procedures, as follows: (a) (h) albumin, Colorimetric method-Bromcresol green assay (Siemens Advia 2120i); (i) TC, CHOD-POD enzymatic method (Siemens Advia 1600/1800); (j) triglycerides, enzyme glycerol phosphate oxidase method (Siemens Advia 1600/1800). Leptin, CRP, C3, C4, IL-6, and interferon-α were determined in serum, and fibrinogen was determined in plasma.
| Adherence to the Mediterranean diet
To assess the degree of adherence to the Mediterranean diet, the KIDMED index (Mediterranean diet quality index for children and adolescents) was used. 28 The index is based on a 16-questions self-administered, which sustain the principles of the Mediterranean dietary patterns, as well as those that undermine it. The results of index varied between 0 and 12 points. The questions that have one negative connotation in relation to Mediterranean diet were equal to (−1), and the questions that constitute positive aspect were equal to (+1). A continuum variable was computed to perform the statistical analyses.
| Cardiorespiratory fitness
Cardiorespiratory fitness was assessed with the 20-m shuttle run test. 29 This test requires participants to run back and forth between two lines set 20 m apart. Running speed started at 8.5 km/h and increased by 0.5 km/h each minute, reaching 18.0 km/h at minute 20. Each level was announced on a tape player. The participants were instructed to keep up with the pace until exhausted. The test was finished when the participant failed to reach the end lines concurrent with the audio signals on two consecutive occasions. Otherwise, the test ended when the subject stopped because of fatigue. The participants received verbal encouragements from the investigators to achieve maximum performance, to keep running as long as possible. Number of shuttles performed by each participant was recorded.
| Muscular fitness 2.2.8.1 | Handgrip strength
Upper body isometric strength (handgrip strength test) was assessed using a handgrip dynamometer (T.K.K. 5001; Grip-A, Takei, Japan), adjusted by sex and hand size for each adolescent. The participants were instructed to stand with their arms completely extended, squeezing gradually and continuously the handgrip up to the maximum of their strength, for at least 2 seconds, performing the test twice alternating with both hands. A 90-seconds period rest was given between trials. The best score for each hand was recorded in kilograms. 30 The handgrip score (kg) was calculated as the average of the left and right and then expressed per kilogram of body weight.
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| Standing long jump test
Lower body explosive strength (standing long jump test) was performed in an indoor wood floor gymnasium, and the adolescents were instructed to jump from the starting line and to push off vigorously and jump as far forward as possible landing on both feet and staying upright. The test was done twice, and the best attempt was recorded. The standing jump score was determined by the distance between the last heel-mark and the take-off line. 30 
| Data management
The homeostatic model assessment (HOMA-IR), calculated as the product of basal glucose (mmol/L) and insulin (μlU/ mL) levels divided by 22.5, was used as a proxy measure of insulin resistance. 31 Based on our preliminary correlation analysis (described in the Statistical analysis section), we computed a continuous score of clustered inflammatory biomarkers by summing the Z-scores by age and sex from the inflammatory biomarkers that were significantly correlated with the MRF score and muscular fitness (CRP, C3, C4, fibrinogen, and leptin). Participants were divided into high-risk group (the first tertile) and low-risk group (second and third tertiles).
The results of the handgrip strength and standing long jump tests were transformed into standardized values (Z-scores) by age and sex. Then, the sum of the Z-scores of the two tests was performed to create the muscular fitness score. Participants were divided into two groups: low fitness group (first tertile) and high fitness group (second and third tertiles). Then, according to the clustered inflammatory biomarkers' score groups (high risk and low risk) and muscular fitness group (low and high), four exclusive groups were created.
| Statistical analysis
Descriptive data are presented as means and standard deviations. All variables were checked for normality. CRP, fibrinogen, C3, C4, IL-6, leptin, interferon-α, and albumin values were transformed using the natural logarithm. Independent two-tailed t tests for continuous variables and chi-square test for categorical variables were used to examine sex differences.
Partial correlation, adjusted for age, sex, and pubertal status were used as preliminary analysis to examine the associations between each inflammatory biomarker with fitness variables and MRF score (see Table, 
Linear regression models were performed to determine the associations between the clustered inflammatory biomarkers' score (as the dependent variable) and handgrip/weight or standing long jump or muscular fitness score (as predictor variables). We performed four different models: Model 1: unadjusted model; Model 2: Model 1 additionally adjusted for age, sex, pubertal stage, adherence to the Mediterranean diet and socioeconomic status; Model 3: Model 2 additionally adjusted for MRF score and CRF; Model 4: Model 3 additionally adjusted for body fat. Unstandardized regression coefficients were used to express the β in the linear regression analyses.
ANCOVA with Bonferroni post hoc multiple comparison tests were used to assess the differences between mean values of MRF score across groups of clustered inflammatory biomarkers' score (high vs low) stratified according to the different levels of muscular fitness (low and high). Covariates included were age, sex, pubertal stage, adherence to a Mediterranean dietary pattern (KIDMED index), socioeconomic status, CRF, and body fatness.
Data analysis was performed using the Statistical Package for the Social Sciences for Windows (version 21.0; SPSS Inc., Chicago, Illinois, USA). A P value <.05 denoted statistical significance. Power analysis was calculated with G*Power (version 3.1.9.2; Dusseldorf, Germany).
| RESULTS
Descriptive characteristics of the participants are presented in Table 1 . Boys were heavier and taller than girls and showed higher levels of CRP, systolic blood pressure, muscular fitness, and CRF (P<.05 for all). Girls presented higher levels of leptin, fibrinogen, triglycerides, and HDL-cholesterol (P<.05 for all).
Regression analysis (Table 2) showed a significant inverse association between muscular fitness score (unstandardized β=−.204; P<.021), and handgrip strength (unstandardized β=−.339; P<.019) with clustered score of inflammatory biomarkers, after adjustments for age, sex, pubertal stage, socioeconomic status, adherence to the Mediterranean diet, MRF score, CRF, and BF% (models 4). The standing long jump test was negatively associated with clustered score of inflammatory biomarkers (β=−.361; P<.020) when the analysis was adjusted for age, sex, pubertal stage, socioeconomic status, adherence to the Mediterranean diet, and socioeconomic status, MRF score, and CRF (Model 3); however, when the BF% was included (Model 4), the results did not remain significant.
As shown in Figure 1 , the group with low muscular fitness and high clustered inflammatory biomarkers' score had on average a higher MRF score (1.01, 95%CI: 0.43-1.58) than all other groups (F 3,525 =6.461; P<.001).
| DISCUSSION
Our study showed that muscular fitness was inversely associated with clustered inflammatory biomarker score after adjustments for several confounders. Moreover, we observed the poorest metabolic risk profile in adolescents with low muscular fitness and high inflammatory biomarkers' score.
Our results indicate that the inflammatory state seems to explain a significant part of the highest MRF score and in adolescents with high inflammatory status and low muscular strength.
The relationship between inflammatory biomarkers and muscular fitness has been explored only in a few studies in adolescents. 12 Previous studies have found negative associations between muscular fitness and some inflammatory biomarkers such as C3, C4, CRP, and leptin in adolescents. [17] [18] [19] Martinez-Gomez et al. 18 (The HELENA Study)
has showed an inverse association between muscular fitness and CRP, C3, C4 independent of age, sex, and BMI. Although, in a most recent study, on the same sample (The HELENA study), Artero et al. 17 have showed a negative association between muscular fitness and CRP, C3, C4, leptin, and white blood cells and for a selected clustered score of these inflammatory biomarkers, adjusted for age, sex, pubertal stage, CRF, HOMA-IR, but not for sum of skinfolds. In this matter, it is important to notice that in these studies the authors did not consider the confounding effect of adherence to an anti-inflammatory diet, nor the socioeconomic status of the participants as in our study. We are not aware of any study that has analyzed the relationship between MF and inflammatory biomarkers independent of socioeconomic status and adherence to a Mediterranean diet.
In this study, we showed that C3, C4, fibrinogen, CRP, and leptin were associated with MRF score. Whether the adiposity-related inflammatory state is linked to the development of cardiovascular disease in adolescents remains to be completely understood. 33 Obesity often is the most visible indicator of a metabolic condition, and therefore, research has focused on the investigation of the relationship between adiposity and cardiometabolic health, with consequently preventive strategies then devised around weight loss. However, this approach does not take into consideration the overall metabolic health profile. The clustering of MRFs in the same individual, assessed by summing standardized values of individual MRFs, as a continuous variable, has been demonstrated to be a good method to assess overall metabolic risk in apparently healthy adolescents. 32 Importantly of this discussion, in the present investigation we included not only body fat, but also a selected cluster of MRFs as a confounding variable in our regression analysis, and the association between muscular fitness and clustered inflammatory biomarkers' score, still remained significant. We have included body fat percentage as covariate in our models due to its better discriminatory power for overall adiposity to identifying adverse levels of inflammatory biomarkers in adolescents, in both sexes, in this sample. 34 In addition, in the present study, we matched the clustered score of inflammatory biomarkers to the muscular fitness groups, which allowed us to compare differences in the MRF score of the two groups of clustered of inflammatory biomarkers' status by levels of muscular fitness. Indeed, recently Roberts et al. 35 have shown that only BMI or weight status per se may be poor surrogates for cardiovascular risk identification and that muscular fitness may be more critical to identify those at risk of metabolic and cardiovascular disorders. Roberts et al. 35 findings suggest that muscular fitness is a better predictor of oxidative stress and inflammation than weight status, in adults. The skeletal muscle is a highly energetic tissue, which contributes substantially to basal metabolic rate. 16 In this line, muscular fitness improvements may increase muscle mass and consequently become a strategic asset for the prevention of metabolic disorders. Our results do support the current physical activity guidelines for children and adolescents that recommend regular engagement in muscle-strengthening activities due to its health-related benefits, including prevention in CVD and MRFs. 36 The interrelationship between inflammatory biomarkers and MRF has been described in youth 2,6,32 ; however, our results built upon previous research show that adolescents with an adverse inflammatory profile and a low muscle strength may be at increased risk of metabolic dysfunction.
There is accumulating evidence supporting that muscular strength is an emerging predictor for CVD mortality, independently of traditional risk factors such as body fat, smoking, hypertension, CRF 16 ; however, evidence about the role of muscular fitness on metabolic health of different inflammatory phenotypes in adolescents is scarce.
There is growing evidence that the systemic low-grade inflammation is closely connected to the muscle atrophy and weakness. Some studies have suggested that high levels of inflammatory biomarkers in old adults increase the risk of muscle mass and strength loss. 37, 38 However, the causal pathway linking inflammation to subsequent loss of muscular fitness has not been fully explained, but it has been suggested that lowgrade inflammation may cause a decline of physical functioning through its catabolic effects on skeletal muscle in elderly. 39 Nevertheless, there is a lack of scientific evidence in adolescents that inflammation may lead to the low muscle strength. The strengths of our study include the consideration of important confounding variables in our analysis. Dietary intake can be a predictor of metabolic health. Previous studies reported that the adherence to a Mediterranean dietary pattern may have a dual effect on the prevention of CVD, by improving classical CVD risk factors and also by having an intense anti-inflammatory effect. 40 In our study, the inclusion of dietary intake as a confounder variable did not change our results. In addition, adolescence is a period of natural changes in several metabolic systems such as body composition and sex hormones, which may confound the results. 5 However, in our study, the muscular fitness score, inflammatory biomarkers clustered score, and MRF score were standardized by age and sex, 17 and all the analyses were controlled for pubertal stage. The muscular fitness tests used in our study were based on previous studies, 22, 41, 42 which have demonstrated good criterion-related validity, suggesting to be appropriated measures of muscular fitness in youth.
Some limitations of our study should be taken into consideration. First, it is known that chronic stress is involved in metabolic alterations and we did not control our analysis for any stress psychological parameters. Second, our cross-sectional design does not allow us to establish causality. Third, we use a single fasting baseline measurement of inflammatory biomarkers, and it is possible that this does not accurately reflect the state of low-grade inflammation. Nonetheless, we measured several inflammatory biomarkers, which provided us with a more comprehensive assessment of the inflammatory status of the adolescents, as we did not rely on only a single marker. Apart from that, all the inflammatory biomarkers included in the clustered score were directly correlated with MRF score. In addition, a composite continuum score of inflammatory biomarkers is becoming recognized and has already been proposed in pediatric research. 17, 33 
| Perspective
We showed that muscular fitness is associated with the clustering of inflammatory biomarkers in adolescents after adjustments for age, sex, pubertal stage, socioeconomic status, adherence to the Mediterranean diet, CRF, MRF score, and body fat. Adolescents with an adverse inflammatory profile with low levels of muscular fitness exhibit the poorest MRF score. Although the cross-sectional design of our study, our findings suggest that a chronic inflammatory state in the presence of high metabolic risk may be attenuated by higher levels of muscular fitness. These results have a public health and clinical implications since the adolescence has been reported as period of life with several metabolic changes and a greater decrease in physical activity. 5 The improvement in the metabolic profile together with increment of muscular fitness may be an effective strategy for reduction in low-grade systemic inflammation and improving the health trajectory of children and adolescents.
